We compare the welfare effects of different regulation schemes of electricity distribution utilities. The compared regulation schemes are fixed price regulation, cost of service regulation, menu of cost-contingent contracts and simple menus of contracts. In our calculations we utilize the information of firm specific potential to improve cost efficiency. The firm specific cost information of Finnish electricity distribution utilities is obtained by using various Stochastic Frontier models. Our basic result is that welfare can be improved by changing the cost of service regulation scheme to the menu of contracts regulation. Welfare also increases in the case of fixed price regulation and simple menus of contract regulation. There is however, a significant difference among regulation regimes on how this improved welfare is distributed to consumers and producers.
Introduction
It is generally known that fully informed regulators do not exist in reality. In most of the cases the regulated firm has more information about its costs and other factors and accordingly, the regulated firm may use its information advantage strategically in the regulatory process to increase its profits or to pursue other managerial goals, to the disadvantage of consumers. Many regulatory agencies have put lot of effort to reduce this information asymmetry. Theoretical research on regulation (especially incentive regulation) has also evolved and it has provided new information to regulators (see e.g. Laffont, 1994; Laffont and Tirole 1986, 1993; Armstrong et al., 1994; Armstrong and Sappington, 2004) . Because the regulator has less information than the firms the regulated firms have strategic advantage. Generally any firm would like to convince the regulator that it is a "higher cost" firm than it actually is. By behaving like this the firm believes that the regulator sets higher prices (which increases firms' profits and removes welfare from consumers to the regulated firms).
When a social welfare maximizing regulator tries to distinguish between firms with high cost endowments and firms with low cost endowments it faces an adverse selection problem. One possible solution to this problem is to use firm's ex post realized costs to set regulated prices.
This means that the regulator uses some form of "cost of service" (or rate of return) regulation.
However, when the regulator in this way solves the adverse selection problem it leads to another problem, namely to the moral hazard problem. This is because the loss of the opportunity for the firm to earn extra profits reduces managerial effort and consequently less managerial effort increases the firm's realized costs. This leads to the situation where regulation actually increases the costs above their efficient levels.
The moral hazard problem may be solved by some form of incentive regulation (e.g. price cap regulation, revenue cap regulation or yardstick competition), but then full costs of adverse selection problem are incurred. The regulator is thus in a complicated situation. One problem connected to the price cap regulation is also the fact that price cap regulation is very weak at rent extraction for the benefit of consumers and society and it potentially leaves a lot of rent to the firm. This raises the question whether we could find a regulatory mechanism which will lie somewhere between these two extremes. The task of the regulator is hence to find such a mechanism that takes the social costs of adverse selection and moral hazard into account. One of these kinds of methods is menu of contracts regulation, where for each firm a menu of costcontingent contracts is offered and the firm can choose a contract which it prefers among the menu (see Laffont and Tirole, 1986) .
In this paper we compare the welfare effects of different regulation schemes in electricity distribution utilities. 2 We use Finnish data in our study. The four regulation schemes which we compare are fixed price regulation, cost of service regulation, menu of cost-contingent contracts and simple menus of contracts. In our calculations we utilize the benchmarking information of firm specific costs. The firm specific cost information is obtained by using various models of Stochastic Frontier Analysis. Our basic result is that total welfare can be improved if we move from the cost of service regulation scheme to the menu of contracts regulation, simple menu on contracts or to the fixed price regulation. There is however, a significant difference among regulation regimes on how this improved welfare is distributed to consumers and producers.
The rest of the paper is organized as follows: Section 2 gives an introduction of different regulation schemes and in section 3 the stochastic frontier models and their estimation is presented. In section 4 the calculated welfare effects are presented. Section 5 summarizes the findings.
Different regulation regimes

Rate of Return / Cost of Service regulation
The Rate of return (ROR) or cost of service regulation is the traditional approach to regulate monopolies. In the purest form of this regulation the rate of return is fixed to the costs. This means that the utility does not face the risk connected to input prices or other risks related to the costs. There are naturally both advantages and disadvantages connected to each regulatory method. The advantages of rate of return regulation are its relatively simple practical application in limiting monopoly pricing, the possibility to use second-best (e.g. Ramsey-Boiteux) or nonlinear prices, the use of deliberate cross-subsidization 3 and finally the rate hearings provide an opportunity for customers to express their views (see e.g. Liston, 1993) . It has been also argued that an additional positive feature of this regulation method is better certainty of long-term investments. Disadvantages connected to this regulation scheme (just to remark the most obvious ones) are that it does not give incentive to produce efficiently and if the allowed rate of return on capital is higher than the cost of capital an input bias (called the Averch-Johnson effect) follows.
Rate of return regulation also typically entails high administrative costs (due to time-consuming hearings and requirement of considerable knowledge about the firm's costs). One further difficulty is in determining the "right" level of allowed rate of return which has been seen problematic. On the other hand it is not possible for the firms to gather excessive profits or to incur big losses. Formally the rate of return regulation 4 for firm i can be written as:
where P is the allowed price at period t, r is the allowed rate of return, and C is realized costs at period t-1.
To summarize, the main reservation against this approach is clearly that it does not provide incentives for cost savings and efficiency improvements. It may also easily lead to overinvestments.
Price Cap regulation
The price cap regulation has perhaps been the most significant alternative to the ROR regulation method in utility regulation. The price cap method was first proposed by Littlechild (1983) and it has since been adopted in the regulation of many industries (including telecommunication, gas distribution, water distribution, airline industry, railway industry and electricity) in the UK and other countries as well.
5
In its purest form either the price or price path is fixed. This means that the utility faces the full risk connected to the input prices and demand. On the other hand utility has full incentive to 4 When the rate of return regulation is determined this way it is identical to the pure cost of service regulation where firm is allowed to add some fixed percent above its costs. 5 For the description and discussion of price cap and rate-of-return regulation see also Armstrong et al. (2007) , Joskow (2006) and Liston (1993) .
reduce costs because it can keep all the benefits from cost reduction. This has been seen as the main advantage of this regulation scheme. The other advantages are relatively small administrative costs, non existence of input bias (A-J effect) and the fact that price ceilings on monopoly services prevent predatory pricings. Because of the differentiation of the price from costs and the fact that in pure price regulation the price does not react to any exogenous factor it is possible for the firm to gather excess profits or also to incur big financial losses. As in any regulatory scheme there exist also some disadvantages in this method. The disadvantages include the uncertainty about the service quality, the fact that potential benefits of e.g. Ramsey-Boiteux prices are ruled out, implementation of price cap can be difficult and there may be greater possibility for capturing the regulatory process by the firm (see e.g. Liston, 1993) .
The price cap regulation essentially decouples the profits of the regulated utility from its costs by setting a price ceiling. This method is also referred to as the "RPI -X" model. In this model the price cap for each year is set based on the Retail Price Index and an efficiency factor X.
Hence prices remain fixed for the rate period and the utility is allowed to keep the achieved cost savings. Formally the price ceiling for firm i is set according to the following equation:
According to the equation above the price ceiling P t for each year is calculated based on the previous year's price ceiling P t-1 adjusted by RPI minus the efficiency factor X. The efficiency factor X is set by the regulator. In practice the price ceiling may be adjusted using a correction factor Z. This correction factor accounts for the effect of exogenous extraordinary events affecting the utility's costs.
The potential problems associated with the practical implementation of price cap regulation are connected to the price review procedure, to the commitment of regulating authority, to the quality and to the rules how to determine the X parameter (see e.g. Joskow, 2006; Jamasb and Pollitt, 2001 ).
The Optimal Incentive Scheme
It has been argued (see e.g. Laffont and Tirole, 1986, 1993; Joskow, 2006) that perhaps the optimal regulatory mechanism will lie somewhere between these two extremes i.e. between the pure cost of service (or rate of return) and pure price regulation. The regulation model will then have the form of either a profit sharing contract or a sliding scale mechanism (price that the regulated firm can charge is partially responsive to changes in realized costs and partially fixed ex ante). It has also been argued that more generally, by offering a menu of cost-contingent regulatory contracts with different cost sharing provisions, the regulator can do even better than if it offers only a single profit sharing contract (Laffont and Tirole, 1993) . The basic idea of the optimal incentive scheme is to make it profitable for a firm with low cost opportunities to choose relatively high powered incentive scheme (e.g. price or revenue cap regulation) and a firm with high cost opportunities a relatively low-powered scheme (e.g. rate of return or cost of service regulation).
In the Laffont-Tirole model (1986) the firm chooses output and effort and after the costs are realized and observed, the planner rewards the firm according to the two observables, output and costs. Equivalently, the planner can ask the firm to reveal its true productivity parameter. Laffont and Tirole show that it is possible to construct such a incentive scheme that it induces the firm to tell the truth such that the level of effort is voluntarily optimally chosen by the firm. The incentive scheme is linear in costs and can be written as
T is net transfer to the firm, s* is ex ante reward, C* is ex ante cost, C is realized costs, β is the productivity parameter and
where q* is optimal output, e* is optimal effort level and ψ' is marginal disutility of effort. Hence the reward depends on the announcement of the β and the expost costs.
In practice the optimal allocation can be implemented by asking the firm to announce Tirole's model which allows the supplier to be able to reduce production more easily when cost are initially high than when they are initially low. Chu and Sappington also show how this extended model admits many of the forms of optimal contracts that prevail in practice.
The theory of a menu of cost-contingent regulatory contracts with different cost sharing provisions has two related problems when the practical implementation comes to question. These problems are firstly the fact that the economic logic and the underlying mathematics involved in calculating the optimal menu are quite complex, and secondly the issue that principal must be able to specify the agent's entire disutility of effort function in order to calculate the optimal menu. Consequently the model has not been widely used in practice or even in empirical applications of the theory. Because of these reasons we use a simplified version of this model in our calculations presented below in Section 4.
Simple Menu of Contracts
Rogerson (2003) shows that dramatically simpler menus which are easy to understand and calculate and which have lower informational requirements, can capture a substantial share of the gains achievable by the fully optimal complex menu. 6 The problem for the principal (or regulator) is to find such a menu of contracts that minimizes his expected payment to the agent, subject to the constraint that all types of the agents accept a contract and produce the good.
Rogerson uses the name "Fixed Price Cost Reimbursement" (FPCR) for a simple contract menu.
Pure cost-reimbursement contracting corresponds to rate of return regulation and fixed-price contracting corresponds to price cap regulation. In his paper Rogerson shows that there is a unique optimal FPCR menu which solves the principal's cost minimization problem. In order to use this simple menu in real contracting situations, a principal would need to be able to have information on the cumulative distribution and density of costs if a cost-reimbursement contracts is used and the size of the efficiency gain that he believes would be induced by fixed-price contracting.
Rogerson also shows that considerably simpler menus with lower informational requirements can capture a substantial share of the gains achievable through using the fully optimal menu of contract.
The procedure to determine FPCR menu is the following: first, the principal offers the agent a menu of contracts specifying price as a function of costs, and then the agent decides which contract to accept. A theoretical lower bound on the principal's expected price is the price equal to procurement cost in the case he had full information of the type of the agent. The principal would minimize his price by offering to pay an agent of type x a fixed price equal to x -k, where k denotes the resulting surplus. If the agent accepts this contract, he reduces costs to the efficient level (or first-best level) and earns zero profits. The upper bound on the principal's expected price is the price which guarantees that agent will always produce the good i.e. principal will offer the agent a cost-reimbursement contract in which the principal promises to pay the agent a price equal to the measured cost of production. Under such a contract, agent has no incentive to cost reduction and earns again zero profits. The problem of the principal is to find the "cut-off type" θ so that his expected payment to the agent is minimized. The "cut-off type" is the highest type willing to accept the fixed price contract. Rogerson (2003) shows that if there exists an
is the distribution function of x and f(x) is the density function of x.
Estimation for the efficiency costs
Stochastic Frontier Analysis and Estimated Model Specifications
We use Stochastic Frontier Analysis for the estimation of efficient costs which we need in order to calculate the welfare effects of the different regulation regimes presented in section 2. The literature concerning Stochastic frontier analysis and its applications is quite large and we refer the reader to see e.g. Kumbhakar and Lovell (2000) , Pitt and Lee (1981) , Schmidt and Sickles (1984) , Greene (2005a Greene ( , 2005b , Greene (2006) (2005) and KopsakangasSavolainen and Svento (2008)).
We estimate four modifications of the basic random and fixed stochastic frontier models by using Cobb-Douglas specifications. In the following models (3-6) we assume that the deterministic cost frontier takes the log-linear Cobb-Douglas form and linear homogeneity of cost frontier is attained through dividing all prices by input price. In each model total annual costs per 
All models are estimated by maximum likelihood. Since there exists no closed form solution for the TRE model it is estimated using a grid for w. After a choice for w is made the model is estimated using maximum likelihood. The global optimum is the one with the highest likelihood over the w grid.
The data
The data used in this study consists of a panel of 76 electricity distribution utilities in Finland. It covers the 6-year period from 1997 to 2002. The data, which is unbalanced panel data, is collected from the statistics of the Finnish Electricity Market Authority. 7 Distribution utilities which are owned by industrial enterprises are excluded from this study. The relative size of the distribution utilities varies significantly which may explain part of the quite large variations in costs. Table 1 gives the summary of descriptive statistics of the variables used in this paper. We have used constant Euro prices by converting all money values to the year 1997 by using the retail price index. Costs (C) are expressed as average costs calculated as total annual costs per kWh delivered. This includes the delivery to the final customers and the delivery to the networks.
The costs of losses are excluded because of the lack of reliable data. Annual output (y) is measured in Gwh and as can be seen from Table 1 it varies quite significantly since the range runs from very small local utilities to the relative large utilities operating on urban areas. Annual labour price p l is calculated by dividing total annual labour cost by the average number of employees. The capital price p k is calculated by dividing the annual capital expenditures by the value of capital stock. Total capital expenditure is calculated as residual costs. We have approximated the capital stock by the present value of the network. The present value of the network is calculated using the information of annual inventories and replacement value of the network. The price of the input power p p is in most cases computational. 8 This is particularly the case when the distribution utility receives part of its delivered energy directly from the local generator and purchases only part of its total delivered energy. Load Factor (LF) is the ratio of the average load supplied during a designated period to the peak load occurring in that period, in kilowatts. Simply, the load factor is the actual amount of kilowatt-hours delivered on a system in 7 The data is available in the address www.energiamarkkinavirasto.fi 8 The input price is computed when distribution utility purchases only part of its delivered energy. The calculations are based on the market place payment, payment to the other companies' network and on the relative share of the received power and delivered power. It is important to correct the input price when only part of the delivered electricity is purchased. Otherwise it distorts the cost structure of these companies.
a designated period of time as opposed to the total possible kilowatt-hours that could be delivered on a system in a designated period of time. 
SFA results
In Table 2 results for the estimations are presented. 10 The endogenous explained variable is total annual costs per kWh in 1997 cents. The linear homogeneity normalising price divider is the input power price p p .
The first observation on the estimation results is that all coefficients of the frontier are highly significant 11 and have expected signs. Both price effects have positive signs in the all model specifications and the capital price effect is larger in absolute terms in all other models than in the TFE model. The high capital price estimates are understandable due to capital intensity of distribution networks. The sign of output (y) estimator is negative in all specifications which is expected since the explained variable is total costs per kWh. As the distributed quantity increases the unit costs decrease up to the point of minimum efficient scale. Also the sign of the time estimate is negative. This indicates that there has been technological development which has decreased the total unit costs.
It is also notable that in the basic random effects model (RE) the constant term is considerably smaller than the corresponding averages from the REH specification. This being the case the basic RE model estimates the frontier to be down to the left compared to the extended RE model.
The estimate of LF is significantly smaller in REH model than in other specifications. The other parameter estimates are relatively close to each other.
The variance parameter of the underlying distribution of u i , σ u, is estimated as .353 (see Table   3 ) in basic random effects model (RE). In the extended version of RE (REH) as well as in the randomized version TRE and TFE the counterparts are .150, .096, and .101. These points out that some of the variation in the inefficiency in the original RE model can be explained as heterogeneity. Based on this notification we can expect the estimated inefficiencies to diminish.
According to BIC-criteria it seems that Greene´s (2005a) true random effects model (model TRE in our case) fits the data best. 10 We have used LIMDEP 8.0 and 9.0 in estimations (see Greene, 2002 Greene, , 2007 .
11 Except LF in the RE model.
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Cost frontier parameters of models 3 -6 12 In the model REH this is refers to the third equation in model (4). 13 Scale parameter for distributions of random parameters.
14 BIC=-2*logL+Q*logN, where Q is the number of parameters. In Table 3 
SFA Based Welfare Effects of Different Regulation Schemes
Next we combine our empirical SFA cost inefficiency information to different regulation schemes and calculate changes in total social welfares related to each model specification and regulation scheme. In these calculations we use cost of service regulation as the benchmark.
We of course face a fundamental question here in the sense that the inefficiencies are naturally endogenous to the regulation scheme in use. In this sense our results are short term efficiency gains resulting from immediate change of the scheme in use. The endogenous long term effects escape our results because there is no data to be used for this test. However, the endogenous long term effects can safely be expected to strengthen the short term welfare gains calculated here.
The overall social welfare change is calculated as the sum of the change in producer and consumer surpluses. These changes in consumer and producer surpluses can be specified as follows. The change in consumer surplus can be written as the line integral.
where i CS ∆ is the change in consumer surplus for customers of firm i, P Ci is the price of firm i under cost of service regulation, P Ni is the new price of firm i under either the fixed price, menu of contracts 16 or simple menu of contracts regulation, D -1 is the constant elasticity inverse demand function with the elasticity value 17 of -0,35 and Q i is distributed total energy of firm i. 16 We us the names "menu of contracts" and "fixed price" regulation for our applications of the incentive contract scheme and price cap regulation respectively.
The corresponding change in producer i's surplus is:
where the new volume Q N is the supply and demand equilibrating quantity at the new price P N 18 and C(Q Ci ) are the costs resulting from cost of service regulation and C(Q Ni ) are the new costs resulting from the alternative regulation scheme and based on our efficiency estimation results.
Therefore, the change of total surplus is
The range of regulatory options in our welfare calculations can be illustrated as follows. Consider a regulatory process in which the firm's allowed price P is determined based on a component of the costs of the firm with the highest efficient costs , C*, and on a component that is based on the firm's own realized costs C i . The efficient cost of the highest type C* is obtained from our SFA estimations. Then the allowed price is determined according to the following equation 19 :
where a is the sharing parameter that defines the responsiveness of the firm's allowed price to the realized costs, t refers to time and i to the firm in question. In the case of fixed price contract (price or price cap regulation) a = 1 whereas in the case of pure cost-of -service (or ROR) regulation, assuming that the regulator can observe the firm's expenditures but not evaluate their efficiency, a = 0. The profit sharing contract (or contracts of menu on our case) emerges with 0 < a < 1. Laffont-Tirole (1986) and show that it is socially optimal for the regulator to offer a menu of contracts with different combinations of responsiveness parameters. This should drive the firms with low true cost opportunities to choose a high powered scheme (a close to 1) and consequently firms whose true (efficient) cost are high to choose a lower powered incentive scheme (a close to zero). In calculating the welfare effects we assume that each firm chooses the efficiency level which maximizes its profits.
Fixed price regulation
In fixed price regulation the value of parameter a is equal to 1 for each firm and the C* is efficient cost of the highest type firm obtained by utilizing the SFA results: P Ni = C*. Now the profit maximizing strategy for each firm is to produce at efficient costs. In the cost of service regulations (which acts as benchmark model in our welfare calculations) the value of parameter a is equal to zero for each firm and consequently firms produce at zero profits.
Menu of contracts regulation
The game behind the contracts of menu regulation scheme in our application is as follows: first the regulator announces the regulation rule i.e. the rules according to which the value of parameter a is determined and then the firm decides what efficiency level to choose (and we assume that it chooses the efficiency level which maximizes its profits).
The value of parameter a is defined as follows. The regulator orders the firms in descending order according to their firm specific efficiency scores obtained as a result of SFA estimations. The most efficient firm, i.e. the firm which has relatively small inefficiency score, is referred as eff 
Using equation (11) we in fact rescale our efficiency results so that they vary from zero to one: 0≤eff i ≤1. According to this announced rule for parameter a, for the most efficient firm the value of a is equal to 1 and thus this firm is allowed to set price such that it equals the efficient cost of the highest cost type. For the most inefficient firm the value of parameter a is equal to zero and consequently the price is equal to its realized costs and the firm earns zero profits. For firms between the most efficient and most inefficient firms the value of parameter a is bigger for the more efficient firms than to those which are more inefficient compared to the other firms. As a result of this rule the profit maximizing strategy for each firm is to produce at efficient costs.
Simple menu of contracts regulation
The price determined by the simple menu of contracts is calculated directly according to the rule described in section 2.4. According to that rule the objective of the regulator is to choose the so called "cut-off type" such that the costs of the regulator are minimized if it should cover the procurement costs. The "cut-off type" is the highest type willing to accept the price cap contract. The cut-off type (θ) is found by solving the equation F(x*)=kf(x*) (then θ = x*), where x is the agent's type, F(x) is the distribution function of x and f(x) is the density function of x. In the simple menu of contracts the firm can choose between either price cap or cost of service regulation. Now each firm more or as efficient as the cut-off type firm maximizes it profits by choosing price cap contract (parameter a equal to 1) and the best strategy for rest of the firms is to choose cost of service regulation (parameter a equal to zero).
Based on these regulation schemes we are able to calculate the total welfare changes using our firm specific results on efficiency improvement potentials. The results for all four SFA model types (see equations 3-6) are presented in Table 4 .
Table4.
Change Table3 for the variance of the frontier error term) and is thus not very interesting here. Interesting is that randomized modeling of heterogeneity (TRE) reduces the potential welfare gains substantially. Part of this can be explained by the fact that the firms in question are local monopolies and it is possible that they do not put maximum effort to the efficiency and consequently part of the time invariant inefficiency (now assumed to be due to firm specific unobserved heterogeneity) may be due to inefficient management and hence the model TRE may underestimate the inefficiency scores. This results stresses the need to model hetereogeity correctly in SFA models. From our welfare results point of view this indicates that the welfare changes resulting from TRE models can be kept as a lower bound on the longer term welfare improvements potentiality.
Another observation from the welfare results is that there is clear difference how different regulation schemes divide welfare to producers and consumers. In the case of menu of contracts both the producer surplus and concumer surplus increase if the efficient levels of the firms' costs are determined by using the values of random effects (RE) model. If the possibilities of the efficiency improvements are determined according to the REH, TRE or TFE models producer surplus clearly increases but the consumer surplus decreases. This is due to fact that the efficiency improvent possibilities accoring to the REH, TRE, and TFE models are smaller than according to the model RE and consequently the efficient cost of the highes type C* (see equation 10) is quite high. This raises the average level of the allowed price and hence removes the welfare from the consumers to the producers. This result is even more clear in the case of fixed price regulation where all firms are allowed to set the price equal to the efficient cost of the highest type (parameter a is equal to 1 for every firm). The only regulation scheme which improves both producer and consumer welfare regardless of the model used in efficiency estimations is the simple menu of contracts. However, the overall welfare improvement is smaller than resulting from the fixed price regulation or menu of contracts regulation. If the regulator is interested only in maximising total welfare it should choose menu of contracts regulation. In the case where the regulator is interested more on consumer welfare and whishes to see lower overall prices it should set the regulation accoring to the simple menu of contracts. In many countries during the restructuring process of electricity industry the main role of the electricity distribution network is determined to behave as a neutral market place for competitive parties of the industry. Based on this view it might be that the regulator is more interested on the consumer welfare than to provide possibilites to gather higher profit by the local electricity distribution monopolies. Regardless of the target of the regulator it is clear that our results support the theory and changing the regulation method of network prices from traditional cost of service regulation it is possible to considerably improve social welfare.
Conclusions
The purpose of this study was to analyze whether it is possible to improve social welfare by changing the regulation scheme of electricity distribution and how the regulator can utilize information on firm specific cost efficiency obtained by SFA models in regulatory process. A great deal of theoretical research has been conducted concerning different regulation methods but the connections of the regulation theory to the real regulatory processes have been seen problematic. In this paper we combine the theory of different regulation schemes to the firm specific cost information of electricity distribution utilities obtained by using various Stochastic Frontier models. According to our results -consistently with the theory -fixed price regulation solves the problem of moral hazard and welfare improves if we move from cost of service regulation to the fixed price regulation. However, in fixed price regulation the problem of adverse selection remains unsolved. According to theory the menu of contracts regulation should solve both the moral hazard and adverse selection problems. Our empirical results support this. Welfare can be improved by removing from the pure cost based regulation to the menu of contracts regulation. Notable is that welfare increases in all model specifications. However there are significant differences among regulation schemes on how improved welfare is distributed to consumers and producers. The only regulation scheme which improves both producer and consumer welfare regardless of the model used in efficiency estimations is the simple menu of contracts.
